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Trophic interactions in commercially exploited demersal ﬁnﬁshes in the southeastern Arabian Sea of
India were studied to understand trophic organization with emphasis on ontogenic diet shifts within the
marine food web. In total, the contents of 4716 stomachs were examined fromwhich 78 prey items were
identiﬁed. Crustaceans and ﬁshes were the major prey groups to most of the ﬁshes. Based on cluster
analysis of predator feeding similarities and ontogenic diet shift within each predator, four major trophic
guilds and many sub-guilds were identiﬁed. The ﬁrst guild ‘detritus feeders’ included all size groups of
Cynoglossus macrostomus, Pampus argenteus, Leiognathus bindus and Priacanthus hamrur. Guild two,
named ‘Shrimp feeders’, was the largest guild identiﬁed and included all size groups of Rhynchobatus
djiddensis and Nemipterus mesoprion, medium and large Nemipterus japonicus, P. hamrur and Grammo-
plites suppositus, small and medium Otolithes cuvieri and small Lactarius lactarius. Guild three, named
‘crab and squilla feeders’, consisted of few predators. The fourth trophic guild, ‘piscivores’, was mainly
made up of larger size groups of all predators and all size groups of Pseudorhombus arsius and Carch-
arhinus limbatus. The mean diet breadth and mean trophic level showed strong correlation with onto-
genic diet shift. The mean trophic level varied from 2.2 0.1 in large L. bindus to 4.6 0.2 in large
Epinephelus diacanthus and the diet breadth from 1.4 0.3 in medium P. argenteus to 8.3 0.2 in medium
N. japonicus. Overall, the present study showed that predators in the ecosystem have a strong feeding
preference for the sergestid shrimp Acetes indicus, penaeid shrimps, epibenthic crabs and detritus.
 2010 Elsevier Ltd. All rights reserved.1. Introduction
Studies on demersal ﬁsh communities, which sustain many
ﬁsheries, are important for ecosystem-based ﬁshery management
(Mathews et al., 1973; Perez-Espana et al., 2005). Tropical marine
ecosystems have a large number of species and consequently the
food web is more complex than in other ecosystems. It includes
a high number of interactions in the sense that they are different
when compared with those of subtropical, temperate and high
latitude food webs (Larkin et al., 1984; Pauly, 1998; Souter and
Linden, 2000). Demersal ﬁsh fauna in the tropics is remarkably
consistent and complex with many of the same families repre-
sented in similar areas and ecosystems (Longhurst and Pauly,
1987). Knowledge of the type of prey and food partitioning
among demersal ﬁshes is essential in order to identify their
potential impact on prey survival and their role in structuringUniversity of Petroleum and
.
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All rights reserved.populations at lower trophic levels. This is particularly important
for any ecosystem approach to ﬁsheries management where
knowledge of interactions is critical. Trophic groupings, which
integrate a large amount of information of predatoreprey inter-
actions based on diet data are of immense use in such cases. Even
though single specie models are still dominant worldwide for the
management of commercially valuable ﬁsh stock, an emerging
consensus has developed among ﬁshery scientists and managers to
consider the multispecies trophic interactions for sustainable
ﬁsheries and management (Christensen and Pauly, 1997; Walters
et al., 1997).
The concept of trophic guild, which basically groups ﬁsh based
on feeding similarity, has become increasingly important in ﬁsh
community studies as it offers the possibility of dividing the
community into functional groups (Livingston, 1982; Gerking,
1994; Garrison and Link, 2000; Cartes et al., 2002). Analysis of
diet relationships within ﬁsh assemblages is of great value in
enabling identiﬁcation of the impact of each predator species on
prey resource sharing (Ross, 1980). Although there are a number of
studies on food and feeding of ﬁnﬁshes from the Indian coasts,
most of these are qualitative in nature (Dhulked, 1962; Kagwade,
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Furthermore, the meagre quantitative information available is
inadequate to explain the complex food chain interaction between
them, and the methodological approach and application of statis-
tical tests to analyze the results are inconsistent. The traditional
diet measurements used by many earlier researchers from the
region provided varied information into the feeding habits of
predators and included different expressions of stomach contents
with counts, weight or volume and frequency of occurrence.
Different diet items were grouped as ‘very common’, ‘common’,
‘frequent’ and ‘rare’ rather than quantitatively. Stomach contents
with counts may give the impression that a speciﬁc prey item that
occurs very frequently in stomachs represents one of the most
important prey items. However, if this prey is small they may
represent only a small proportion of the total food consumed. If diet
is expressed in terms of weight or volume, consumption of a single
large prey itemwould imply that this prey is a major component of
the diet, when in fact, very few individuals may have consumed it.
Frequency of occurrence can provide information on how often (or
not) a particular prey item was eaten, but it provides no indication
of the relative importance of prey to the overall diet. To overcome
such limitations of individual diet measurements, and to promote
consistency in estimation of the relative importance of each prey,
the methods developed by Pinkas et al. (1971) have been widely
used to facilitate comparison of diets between different predators
and within size groups of each predator (Michael et al., 1996;
Abdurahiman et al., 2006, 2007; Ellis and Musick, 2006; Stergiou
and Fourtouni, 2006). This compound index is an integration of
measurement of number, volume and frequency of occurrence to
assist in evaluating the relationship of the various food items found
in the stomach.
The vast complexity of food web data can be summarized in
simpliﬁed models consisting of a network of compartments
connected by trophic links. Aggregation of species into trophi-
cally similar groups is a desirable goal for food web modellers
(Yodzis and Winemiller, 1999). Various notions have been sug-
gested for aggregating taxa into trophic groups including guilds
which include taxa that exploit similar prey groups (Root, 1973).
Many earlier workers have effectively used diet data for guild
structuring and trophic interactions within ﬁsh communities
(Garrison and Link, 2000; Cartes et al., 2002; Hajisamae et al.,
2003). Recently, Chambers and Dick (2005) studied the trophic
structure of the deep-sea ﬁsh community of the eastern Cana-
dian Arctic Sea and suggested that guild formation is an effective
method of trophic evaluation in ﬁsh communities. Garrison and
Link (2000) studied dietary guild structuring and emphasized
that ontogenic diet shifts are an important factor in trophic guild
determination within ﬁsh communities. Moreover, ignoring
ontogenic diet shifts in prey resource use probably increases the
diet overlap and reduces the usefulness of trophic guilds within
ﬁsh communities. In the present study, multivariate techniques
have been used to explore ontogenic diet shifts and to deﬁne
groups of species that share similar prey (trophic guilds). The
southeastern Arabian Sea, due to its high productivity, is well
known as one of the most important commercial ﬁshing zones in
the Arabian Sea. This zone, though comprising only about 16% of
the Indian coastline, contributed 31.7% (0.74 million tonnes)
annually to the marine ﬁsh production in India (Vivekanandan
et al., 2003).
Therefore, the objectives of this study were: (1) to organize
commercially exploited demersal ﬁnﬁshes into trophic guilds in
a tropical marine ecosystem, while considering the possible onto-
genic driven changes in feeding; (2) to understand prey resource
sharing by trophic guilds; (3) to identify high-ranking prey groups
in the demersal habitat.2. Materials and methods
2.1. Study area
The study was conducted along the southeastern Arabian Sea
situated between 11310 and 18450N latitude and 74120 and
78400E longitude (Fig. 1). This area, off the maritime state of Kar-
nataka, is well known for coastal ﬁsheries and more than a dozen
rivers, which carry nutrient rich waters, open to this Arabian Sea
Coast. Most of the rivers form large estuaries which are important
both from an ecological and biological point of view. The area is
characterized by strong seasonal upwelling with the onset of
summer monsoon (JuneeSeptember) (Madhupratap et al., 2001)
which lasts up to the end of August/early September. The coastal
upwelling of nutrients occurring during the southwest monsoon
supports the rich ﬁsheries in this region, mainly during the post
monsoon season (Vivekanandan et al., 2003).
2.2. Sample collection
Fish samples were collected biweekly from commercial catches
in boats at the ﬁshing ports from August 1999 to July 2001.
Demersal ﬁnﬁshes are exploited by two types of trawlers from this
coast: small trawlers (Single Day Fleet e SDF), and larger trawlers
(Multi Day Fleet eMDF) (Zacharia et al., 1996). The former operate
within the 25 m depth zone (average annual catch amounts to
31,000 tonne) and the latter between the 25 and 200 m depth zone
(estimated average annual catch amounts to 87,000 tonne). Sample
collection from MDF trawlers, which usually operate for 6e7 days,
was done with extra care due to the possible chance of stomach
contents being decayed during long storage in ice. Since stomach
contents will continue to digest (different prey taxa digest at
different rates) even after ﬁsh are caught from the sea (Sutela and
Huusko, 2000; Kim and DeVries, 2001), particular care was taken
to avoid samples of highly decomposed and spoiled ﬁshes. Simi-
larly, ﬁshes with regurgitated and inverted stomachs, which could
be observed during sampling, were rejected. Commercially
exploited demersal species were selected for the study based on
their relative abundance in the trawls. It was presumed that this
would be an adequate representation of the demersal ﬁnﬁshes of
this ecosystem.
Table 1 shows the species selected for the study together with
their common name, sample number (n) and size groups. The total
length of specimens was measured from the tip of the snout to tip
of caudal ﬁn (to the nearest mm) and weighed (accuracy: 0.1 g).
After measuring length and weight of each specimen, the sex and
maturity stages were recorded. Each species was divided into small
(when in immature stage), medium (matured large), and large
(matured largest) groups to understand the possible ontogenic
shifts in diet. The stomachs of all species were carefully removed to
prevent loss of the contents and were preserved with 10% buffered
formalin. In cases of Pampus argenteus, the stomach was pulpy and
ﬂabby and hence was not separated from the remaining visceral
mass and was preserved wholly. Using a binocular microscope, gut
contents were identiﬁed up to genus/species level depending upon
the state of digestion. For some predators, as in cases of Pseudo-
rhombus arsius, ﬁsh prey identiﬁcation was easy. However, in most
of the other predators as in Carcharhinus limbatus, many ﬁsh prey
were in a high state of digestion and were identiﬁed mainly from
the partially digested parts such as scutes (as for carangids), scales
(as cycloid or ctenoid ﬁsh), beaks (as for cephalopods) and slender
bones and ﬁsh ﬂesh as unidentiﬁed ﬁshes. Although a number of
ﬁsh families were recorded from different predators, in the present
study they were broadly grouped as teleosts. Foraminiferans,
mainly from Malabar tonguesoles, and were identiﬁed as small
Fig. 1. Map of the study area, showing major ﬁshing harbours along Karnataka coast in southeastern Arabian Sea. Fish samples were collected from the area shaded white along the
southwest coast of India from August 1999 to July 2001. One degree equals 60 nm.
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other than copepods, were grouped as crustacean zooplankton.
Detritus were found as digested or dark ﬂocculent amorphous
material. A fraction of diet in most of the ﬁshes was identiﬁed as
‘digested matter’, which is more solid in nature and different from
loose amorphous detritus, and was generally made up of bits of
unidentiﬁed ﬂesh and other animal remains. The net weight of each
prey was measured to the nearest milligram using an electronic
balance.Table 1
Commercially exploited demersal ﬁnﬁshes, their size ranges, trophic level and diet bread
B¼ diet breadth.
Species Common name n Mea
Epinephelus diacanthus Spinycheek grouper 550 4.11
Grammoplites suppositus Spotﬁn ﬂathead 581 3.78
Priacanthus hamrur Moontail bullseye 216 3.40
Johnieops sina Drab jewﬁsh 470 3.60
Otolithes cuvieri Lesser tigertooth croaker 364 3.96
Nemipterus japonicus Japanese threadﬁn bream 329 4.09
Nemipterus mesoprion Mauvelip threadﬁn bream 555 4.14
Leiognathus bindus Orangeﬁn ponyﬁsh 241 2.29
Cynoglossus macrostomus Malabar tonguesole 241 2.71
Pseudorhombus arsius Largetooth ﬂounder 285 4.38
Pampus argenteus Silver pomfret 228 2.56
Lactarius lactarius Bigjawed jumper 293 3.91
Carcharhinus limbatus Blacktip shark 193 4.11
Rhynchobatus djiddensis Giant guitarﬁsh 170 3.962.3. Data analysis
The diet was quantiﬁed to evaluate the importance of each prey,
by percentage frequency of occurrence (%FO), percentage of
number (%N) and percentage of weight (%W) or volume (%V) and by
one compound index e index of relative importance (IRI) (Pinkas
et al., 1971). The IRI was calculated for each prey as:
Index of relative importance; IRIi ¼ ð%Ni þ %WiÞ  %FOith sampled for the study; n¼ number of stomachs analysed, TrL¼ trophic level and
n TrL Mean B Size groups (total length-mm)
Small Medium Large
 0.29 4.85 1.2 101e180 181e260 221e300
 0.14 5.41 2.2 141e190 191e240 241e290
 0.44 3.16 1.53 151e190 191e250 251e290
 0.37 2.28 0.24 101e120 121e150 151e180
 0.28 2.81 1.1 91e150 151e210 211e270
 0.15 5.58 1.8 131e180 181e255 256e305
 0.29 4.58 2.2 76e135 136e195 196e255
 0.20 3.86 1.19 76e87 88e99 100e111
 0.34 1.74 1.2 106e125 126e145 146e165
 0.17 4.58 2.2 136e195 196e255 256e315
 0.37 1.99 0.88 91e150 151e240 241e300
 0.36 3.68 1.2 91e130 131e170 171e210
 0.19 3.98 1.2 310e500 501e700 701e900
 0.26 3.76 0.93 226e375 376e600 601e750
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frequency of occurrence of prey i, respectively.
This IRI is a modiﬁed version of the index where the original
term of percentage by volume was replaced by the %W term
(Alonso et al., 2000) and this index was used to describe predator
diets in this study. However, for ﬁshes such as Leiognathus bindus,
Cynoglossus macrostomus, and Pampus argenteus, IRI was calculated
based on the volume (%V) due to the difﬁculty in estimating the
weight of very small prey organisms. In such cases, the volumetric
point method suggested by Hynes (1950) was used. In case of ﬁshes
such as C. macrostomus and P. argenteus, which feed largely on
detritus, IRI for detritus was calculated based only on volume (%V)
and frequency of occurrence (%FO). Although detritus cannot be
counted, a value of one was given for their number (%N) when they
were present in the diet to offset distortions in the index. In order to
improve interpretation of the IRI, this index was expressed as
a percent basis (%IRI) (Cortés, 1997).
Chi-square or non-parametric two-way contingency analysis
(Sokal and Rohlf, 1995) was performed to test the independence
between the numbers of major prey groups among the predators
(Cortés, 1997). Trophic level expresses the position of organisms
within the food webs (Odum and Heald, 1975). Following Cortés
(1999), the trophic level for each predator was calculated as:
Trophic level ðTrLÞ ¼ 1þ
0
@Xn
j¼1
Wi  Ti
1
A
whereWi is the percentage contribution by weight of ith prey item,
Ti is the trophic level of the ith prey item and i is the number of prey
categories. The values of trophic level for prey species and other
taxa were obtained from Vivekanandan et al. (2005) and from the
FishBase (Froese and Pauly, 2000).
To establish the level of specialization of each demersal predator
and to identify whether they are generalists or specialists (Krebs,
1989) in feeding, Levins (1968) index of diet breadth was calcu-
lated for each species as,
B ¼

1
n 1
   
1Pn
i$j¼1P2ij
!
 1
!
where B¼ diet breadth; ‘pij’¼ the proportion diet of predator ‘i’ that
is made up of prey item ‘j’; ‘n’¼ number of prey categories.2.4. Multivariate statistical methods
For creation of trophic guilds, multivariate methods of classiﬁ-
cation and ordination of diet data were performed using the soft-
ware package Primer-5 (Clarke and Warwick, 2001). For
classiﬁcation, cluster analysis using the BrayeCurtis similarity
coefﬁcient (Bray and Curtis, 1957) was adopted while for ordina-
tion, non-metric Multi Dimensional Scaling (MDS) was applied for
graphical representation of trophic grouping. Since after square
transformation, the difference between the values of IRI and %IRI
was negligible, the BrayeCurtis similarity coefﬁcient was calculated
with %IRI of prey for each predator. Although 78 different preys
were identiﬁed, for ease in analysis and interpretation they were
grouped as teleosts, penaeid shrimps, benthic crabs, copepods,
cephalopods, diatoms etc. (Table 2).
ANOSIM (Analysis of similarities) was employed to test the
differences in prey similarity between groups. To identify which
prey groups primarily account for observed differences in predator
assemblages, the similarity percentage (SIMPER) routine in Primer-
5 was used. The BVSTEP routine of the same package was used todeterminewhich prey groups weremost inﬂuential for predators in
the demersal ﬁsh community studied.
3. Results
3.1. General dietary features
A total of 4716 demersal ﬁnﬁsh stomach contents from 14 ﬁsh
species were observed for the trophic guild analysis. Table 2 shows
the diet matrix of predators selected in the study. Altogether, 78
different prey taxa were positively identiﬁed from the guts of all
species. Out of these, ﬁshes (35 prey taxa) and crustaceans (27 prey
taxa) were the most important prey resources. Generally, the ser-
gestid shrimp Acetes indicus, penaeid shrimps such as Solenocera
choprai, benthic crabs and copepods were the most important
crustaceans. Among ﬁshes, a major proportion could not be iden-
tiﬁed and were grouped as unidentiﬁed ﬁshes. Detritus, diatoms,
worms, bivalves and gastropods were also important in the diet of
some predators. Two-way contingency table analysis showed that
there were signiﬁcant variations in the number of major prey
groups among predators (c2 test, df¼ 65, P< 0.001). Among the
prey groups, variation was mainly in the number of diatoms, ﬁshes
and worms. Among predator groups, Leiognathus bindus followed
by Cynoglossus macrostomus and Priacanthus hamrurwere the main
sources of variation.
3.2. Ontogeny and trophic guilds
Cluster analysis, based on the predator’s feeding preference and
ontogenic shifts in feeding, showed deﬁnite trophic guilds having
clear separation among different predators (Fig. 2). MDS of different
prey taxa supports the results of cluster analysis as the points
represented by each predator-formed guild were either entirely or
almost entirely discrete from each other (Fig. 3). Subsequent
ANOSIM revealed that the diet of many ﬁshes were signiﬁcantly
different among size groups (ANOSIM, Global R¼ 0.891, P¼ 0.001),
and ﬁshes with similar feeding habits formed four distinct trophic
guilds at a similarity level of 50%. The ﬁrst guild is ‘detritus feeders’,
which included all size groups of Cynoglossus macrostomus, Pampus
argenteus, Leiognathus bindus and small Priacanthus hamrur. Guild
two is ‘shrimp feeders’, the largest guild identiﬁed, and it included
all size groups of Rhynchobatus djiddensis and Nemipterus mesop-
rion, medium and large Nemipterus japonicus, P. hamrur and
Grammoplites suppositus, small and medium Otolithes cuvieri and
small Lactarius lactarius. Guild three, ‘crab and squilla feeders’,
consisted of small and medium sized Epinephelus diacanthus, N.
japonicus and G. suppositus, medium and large Johnieops sina. The
fourth trophic guild is ‘piscivores’, which constituted all size groups
of Pseudorhombus arsius and Carcharhinus limbatus, large O. cuvieri
and E. diacanthus andmedium and large L. lactarius. Again, based on
cluster analysis, several (9 in total) sub-guilds (Fig. 2) were iden-
tiﬁed within the guilds.
3.3. Trophic level and diet breadth
With ontogeny, distinct changes in both trophic level and diet
breadth were observed for most of the predators. The mean trophic
level varied from 2.2 0.1 in large Leiognathus bindus to 4.6 0.2 in
large Epinephelus diacanthus. Diet breadth ranged from 1.4 0.3 in
medium Pampus argenteus to 8.3 0.2 in medium Nemipterus
japonicus. The mean trophic level and the mean diet breadth of
medium and large predators had a positive correlation (R2¼ 0.7).
However, for small predators, the correlation was weak between
trophic level and diet breadth (Fig. 4).
Table 2
Diet matrix of commercially exploited demersal ﬁnﬁshes with their prey arranged as groups (summarized from78 prey types) based on the % values of index of relative
importance.
Johnieops sina Otolithes cuvieri Leiognathus bindus Pseudorhombus arsius Priacanthus hamrur
Small Medium Large Small Medium Large Small Medium Large Small Medium Large Small Medium Large
Teleosts 21.9 14.0 3.6 2.9 15.7 75.7 6.9 6.8 2.2 99.2 73.8 61.0 4.2 9.3 2.6
Penaeid shrimps 2.0 1.2 5.7 8.5 8.0 5.2 0.0 0.0 0.0 0.4 17.6 16.8 0.1 2.5 0.0
Benthic crabs 0.0 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 19.6 1.1 0.0 0.2
Crustacean larvae 0.0 0.0 0.0 1.7 1.1 1.5 0.0 0.0 0.0 0.0 0.0 0.0 5.9 0.5 0.0
Oratosquilla nepa 0.0 50.0 50.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Acetes indicus 1.3 24.9 29.2 84.2 74.2 13.5 0.0 0.0 0.0 0.4 5.9 0.0 6.0 80.0 96.6
Copepods 37.4 3.5 6.5 1.8 0.5 3.8 24.3 24.6 19.7 0.0 0.0 0.0 4.8 0.2 0.0
Crustacean zooplankton 5.0 2.0 0.3 0.9 0.3 0.0 1.4 4.8 8.5 0.0 1.4 1.1 0.0 0.0 0.0
Cephalopods 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 0.0 1.4 0.1
Gastropods 0.6 0.1 0.9 0.0 0.0 0.0 0.6 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bivalves 0.4 0.0 0.6 0.0 0.0 0.0 0.0 1.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Polychaete worms 0.0 0.5 0.0 0.0 0.0 0.0 1.3 4.4 3.1 0.0 1.0 0.9 18.8 0.1 0.0
Nematodes 0.0 0.0 0.0 0.0 0.0 0.0 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diatoms 0.0 0.5 0.0 0.0 0.0 0.0 3.1 6.4 7.1 0.0 0.0 0.0 0.0 0.0 0.0
Sand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Foraminiferans 1.5 0.1 0.2 0.0 0.0 0.0 1.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Detritus 29.9 3.1 1.4 0.0 0.2 0.3 58.8 51.5 58.8 0.0 0.0 0.0 59.1 6.0 0.6
Lactarius lactarius Pampus argenteus Carcharhinus limbatus Nemipterus japonicus Nemipterus mesoprion
Small Medium Large Small Medium Large Small Medium Large Small Medium Large Small Medium Large
Teleosts 0.9 69.5 98.6 1.7 1.9 2.8 96.6 63.2 88.6 28.3 19.8 20.7 7.5 8.6 13.7
Penaeid shrimps 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.1 0.2 9.9 32.8 33.4 65.4 23.1 18.1
Benthic crabs 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 29.9 17.3 13.5 0.0 0.1 1.2
Crustacean larvae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oratosquilla nepa 0.8 1.4 0.0 0.0 0.1 0.0 0.0 0.4 0.0 11.5 0.5 0.0 2.7 0.0 0.0
Acetes indicus 96.1 24.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 15.6 22.8 25.5 24.2 65.4 49.1
Copepods 0.0 0.0 0.0 39.9 42.8 45.3 0.0 0.0 0.0 1.1 0.1 0.0 0.0 0.0 0.0
Crustacean zooplankton 0.0 0.0 0.0 7.2 4.3 5.9 0.0 0.1 0.0 0.3 0.1 0.0 0.0 0.0 0.3
Cephalopods 0.0 0.1 0.3 0.0 0.0 0.0 3.2 36.0 11.2 2.5 6.6 6.9 0.1 2.8 17.6
Gastropods 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Bivalves 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
Polychaete worms 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
Nematodes 0.0 0.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diatoms 0.0 0.0 0.0 2.3 2.8 4.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Foraminiferans 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.8 0.0 0.0 0.0 0.0 0.0
Detritus 2.1 3.8 0.9 48.7 48.2 41.3 0.2 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Rhynchobatus djiddensis Cynoglossus macrostomus Grammoplites suppositus Spinycheek grouper
Small Medium Large Small Medium Large Small Medium Large Small Medium Large
Teleosts 2.9 2.2 21.2 12.4 11.6 2.0 15.4 13.5 9.3 1.7 5.8 79.5
Penaeid shrimps 9.2 19.1 4.5 0.0 0.0 0.0 11.0 39.0 51.3 0.3 2.9 11.7
Benthic crabs 0.2 1.2 6.1 0.0 0.0 0.0 19.7 42.4 31.7 81.8 55.2 8.8
Crustacean larvae 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oratosquilla nepa 2.9 3.9 1.2 0.0 0.1 0.0 50.1 0.5 0.0 7.6 6.7 0.0
Acetes indicus 84.6 69.8 55.8 0.0 0.0 0.0 0.0 4.5 7.7 8.0 25.3 0.0
Copepods 0.0 0.0 0.0 1.1 3.1 2.4 0.0 0.0 0.0 0.0 0.0 0.0
Crustacean zooplankton 0.0 0.0 0.0 6.1 6.8 5.4 0.0 0.0 0.0 0.0 0.0 0.0
Cephalopods 0.0 3.8 11.2 0.0 0.0 0.0 1.2 0.0 0.0 0.0 2.2 0.0
Gastropods 0.0 0.0 0.0 12.0 3.8 8.4 0.0 0.0 0.0 0.0 0.0 0.0
Bivalves 0.0 0.0 0.0 2.9 6.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Polychaete worms 0.0 0.0 0.0 15.9 14.4 47.8 0.0 0.0 0.0 0.0 0.0 0.0
Nematodes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diatoms 0.0 0.0 0.0 0.0 0.0 1.5 0.0 0.0 0.0 0.0 0.0 0.0
Sand 0.0 0.0 0.0 3.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Foraminiferans 0.0 0.0 0.0 17.9 9.9 2.6 0.0 0.0 0.0 0.0 0.0 0.0
Detritus 0.2 0.1 0.0 28.7 42.7 29.8 2.7 0.1 0.0 0.6 2.0 0.0
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different trophic guilds, piscivores, which largely consume teleosts,
had the highest mean trophic level (4.3 0.2), whereas true Acetes
feeders consumed a broader range of prey items (B¼ 4.51.5).
Among piscivores, the sub-guild ‘ﬁsh and shrimp feeders’ had both
the highest mean trophic level and diet breadth (4.4 0.2 and
4.5 0.4, respectively) followed by ‘true piscivores’ (4.2 0.1 and
3.61.4, respectively) and ‘ﬁsh and Acetes feeders’ (4.10.2 and
2.2 0.3, respectively). Detritus feeders, which consume largely
detritus, had very low values of mean trophic level and diet breadth
(2.7 0.4 and 2.71.0 respectively). Among the detritus feeders,the sub-guild ‘detritus and worm feeders’ had the highest mean
trophic level (2.7 0.1) and diet breadth (3.8 0.8), and among
these, small Johnieops sina had the highest trophic level and diet
breadth (3.3 0.5 and 3.71.4, respectively).
3.4. Trophic guild attributes
3.4.1. Detritus feeders
A large proportion of detritus and copepods, in the diet of
Carcharhinus limbatus, Pampus argenteus, Leiognathus bindus and
small Priacanthus hamrur, obviously formed a separate guild of
Fig. 2. Dendrogram showing the categorization of different trophic guilds within the demersal ﬁnﬁshes using group average clustering (BrayeCurtis similarity). Four major trophic
guilds were formed at a similarity level of 50%. Predators grouped within a guild have signiﬁcantly similar diet.
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larity of 62.8% (where 100% is complete similarity) with detritus
contributing 60.9% and copepods contributing 21.2% to the simi-
larities of the diet (Table 3). Based on their differential proportion of
detritus and copepods, ﬁshes of these guilds were again subdivided
into ‘detritus andworm feeders’ and ‘detritus and copepod feeders’.
Signiﬁcant differences were observed in similarity of diet between
these sub-guilds (ANOSIM, Global R: 0.88, P¼ 0.001). Cynoglossus
macrostomus consumed polychaete worms (21.9%) in addition to
the large contribution of detritus (42.7%) to the diet and thus
separated from the remaining detritus feeders as ‘detritus andFig. 3. Multi dimensional scaling (MDS) ordination of ﬁnﬁshes into guilds based on
similarities. The low stress value (0.12) indicated a good separation among trophic
guilds.worm feeders’ with an average similarity of 68.0%. However, the
remaining eight detritus feeders, which included small P. hamrur
and small Johnieops sina and all size groups of P. argenteus and L.
bindus, formed a subcluster ‘detritus and copepod feeders’ with an
average similarity of 76.1%. Fishes of these sub-guilds consumed
large proportion of detritus (57.4%) and copepods (31.8%).
3.4.2. Shrimp feeders
This guild forms the largest demersal trophic group which were
clustered together due to their greater feeding afﬁnity to penaeid
and non-penaeid shrimps. A total of ﬁfteen size classes of predators
were included in this group with an average diet similarity of 55.6%
and the contribution to diet similarity was mainly from the non-
penaeid shrimp, Acetes indicus (67.3%) and penaeid shrimps (17.6%)
(Table 3). At a similarity level of 60%, this large cluster was again
subdivided into ‘true Acetes feeders’ and ‘shrimp and Acetes
feeders’. While all size groups of Nemipterus mesoprion, medium
and large Nemipterus japonicus, small and large Grammoplites sup-
positus and large Rhynchobatus djiddensiswere together grouped as
‘true Acetes feeders’, the sub-guild ‘shrimp and Acetes feeders’ was
constituted by small and medium Otolithes cuvieri, small and
medium R. djiddensis, medium and large Priacanthus hamrur and
small Lactarius lactarius. The SIMPER study showed an average
similarity of 83.5% for ‘true Acetes feeders’ and they are nearly
monophagous to this important prey, A. indicus which contributed
92.8% to total similarity of the prey of these predators. Penaeid
shrimps (37.6%) and A. indicus (31.7%) were largely responsible for
the observed total similarity of preys of these predators. Signiﬁcant
differences were observed between the similarity of ‘true Acetes
feeders’ and ‘shrimp and Acetes feeders’ (ANOSIM, Global R: 0.67,
P¼ 0.001).
3.4.3. Crab and squilla feeders
Benthic crabs and squilla dominated the diet of six predators
and they formed a separate cluster ‘crab and squilla feeders’. The
SIMPER analysis showed that the squilla (mantis shrimp)
Fig. 4. Relationship between diet breadth and trophic level of a) small predator b)
medium predators and c) large predators.
Table 3
Relative similarities of different prey categories within major guilds based on
SIMPER analysis. SD e standard deviation.
Trophic guilds Prey category Average
similarity
Sim/SD % Contribution
Detritus feeders 62.8
Detritus 45.2 3.9 60.9
Copepods 23.2 1.1 21.2
Shrimp feeders 55.6
Acetes indicus 56.0 1.4 67.3
Penaeid shrimps 20.9 0.8 17.6
Teleosts 10.0 1.2 10.6
Crab and squilla feeders 48.3
Oratosquilla nepa 29.5 0.95 34.3
Benthic crabs 31.2 0.71 24.4
Piscivores 74.7
Teleosts 80.6 6.88 96.3
Table 4
Signiﬁcant prey groups in the benthic ecosystem in southeastern Arabian Sea based
on BVSTEP analysis.
No. of variables R2 Prey groups with highest variability
5 0.960 Teleosts, penaeid shrimps, benthic crabs,
Acetes indicus, copepods
5 0.953 Teleosts, penaeid shrimps, benthic crabs,
Acetes indicus, cephalopods
6 0.953 Teleosts, benthic crabs, Acetes indicus,
cephalopods, diatoms, detritus
6 0.952 Teleosts, penaeid shrimps, Oratosquilla nepa,
Acetes indicus, polychaetes, detritus
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respectively to the observed average similarity of 48.3% (Table 3).
Medium and large Johnieops sina, however, separated from the
remaining groups and formed a sub-guild ‘squilla feeders’. This
sub-guild had an average similarity of 85.3% and O. nepa contrib-
uted 58.6% to the similarity. The remaining four ‘crab and squilla
feeders’, which include small Epinephelus diacanthus, small Nem-
ipterus japonicus and small Grammoplites suppositus and medium E.
diacanthus, clustered together and form a separate ‘crab feeders’
with an average similarity of 51.5%. Benthic crabs alone contributed
56.3% to the observed similarity.
3.4.4. Piscivores
Teleost prey formed the most important diet of all size groups
of Carcharhinus limbatus, medium and large sized ﬁshes of Pseu-
dorhombus arsius, Otolithes cuvieri and Epinephelus diacanthus and
therefore formed a separate trophic guild. SIMPER analysis
showed an average similarity of 74.7% with teleosts contributing
to 96.3% of the similarities in the diet (Table 3). Piscivores could be
subdivided into three sub-guilds based on the preference of other
prey in addition to the most important teleost prey to the diet.
The large preference for teleosts, most often >90% by IRI, by allsize groups of C. limbatus, small P. arsius and large Lactarius lac-
tarius clearly formed ‘true piscivores’ among piscivores. SIMPER
showed an average similarity of 83.0% for true piscivores and
teleosts alone contributed 97.7% of the similarity in diet. Medium
and large P. arsius and large E. diacanthus together formed
a cluster of ‘ﬁsh and shrimp feeders’. They had an average simi-
larity of 82.4% in diet. Penaeid shrimps contributed 16.2% in
addition to the major contribution of teleosts (79.32%) to the diet
similarity of this sub-guild. The remaining piscivores, such as large
O. cuvieri and medium L. lactarius, formed a sub-guild ‘ﬁsh and
Acetes feeders’ with an average similarity of 83.8% and consumed
Acetes indicus (16.1% by contribution) in addition to the large
contribution of teleosts (82.9%) to diet. ANOSIM also revealed the
existence of three sub-guilds among ‘piscivores’ (ANOSIM, Global
R: 0.87; P¼ 0.001) and ‘true piscivores’ were apparently distin-
guished from ‘ﬁsh and shrimp feeders’ (ANOSIM, Global R: 0.99,
P¼ 0.001).3.5. Signiﬁcant prey organisms
BVSTEP analysis provided the list of highly ranked prey
organisms to various trophic guilds of the demersal ﬁsh commu-
nity (Table 4). In each step, after a series of deletion of prey groups
that did not inﬂuence the ordination process, the prey types
which were observed to be highly inﬂuential for the predators
were obtained. Among the ﬁve variable lists, Acetes indicus,
penaeid shrimps, benthic crabs, teleosts and copepods were
highly inﬂuential (R2¼ 0.96), whereas in the list with six variables,
additional groups/species such as of cephalopods, diatoms, poly-
chaete worms, Oratosquilla nepa and detritus were also highly
inﬂuential. Acetes indicus, teleosts and penaeid shrimps were
subjected to high predation by different demersal ﬁnﬁshes in the
ecosystem.
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The present study grouped the commercially exploited
demersal ﬁnﬁsh community of the southeastern Arabian Sea into
four broad trophic guilds. Trophic guilds identiﬁed during the
present study are based on the predator’s feeding similarity in
exploiting different prey resources in the ecosystem. Hierarchical
clustering based on the BrayeCurtis similarity coefﬁcient was used
to group trophic guilds because it is often considered as a satisfac-
tory coefﬁcient for biological data (Clarke and Warwick, 1994).
Though hierarchical clustering has the disadvantage of over-
emphasizing discontinuity, use of MDS proved to be a useful tool to
exhibit individual predator relationships. According to a rough rule
of thumb, for two-dimensional ordinations, stress value <0.2 gives
good ordinations with no tendency towards misinterpretations
(Clarke and Warwick, 1994).
Qasim (1972) attempted to group Indian marine ﬁshes into nine
broad trophic groups. He reported the dominance of carnivores
over other groups. Most of the ﬁsh species during the present study
are carnivores and the extent of carnivory increased with ontogeny.
Many of the top predatory ﬁshes which include large, medium and
small size groups of Carcharhinus limbatus, Otolithes cuvieri, large
Pseudorhombus arsius, and Nemipterus mesoprion, are piscivores
and they become more piscivorous with size. Such ontogenic diet
shifting is common in many ﬁshes (Olson, 1996; Garrison and Link,
2000; Vivekanandan, 2001). Study of the diet of carnivorous ﬁshes
in relation to ontogeny showed that many ﬁshes became more
ichthyophagous with size and age (Renones et al., 2002;
Manojkumar, 2003). Fishes with omnivorous feeding habits were
grouped in ‘detritus feeders’. Some species, speciﬁcally small Cyn-
oglossus macrostomus and small Pampus argenteus during their
young stages were omnivores and consumed mainly diatoms,
copepods, other zooplankton and detritus; however, with increase
in size, their diet shifted to mainly copepods, ﬁsh remains and
detritus. Pati (1978) also observed a striking change in the diet of
P. argenteus from the post larvae to adult. He reported that phyto-
plankters are the favourite diet of post larvae but as the length
progressed they shifted to feeding on copepods and zooplankton. It
is clear from the present study that carnivores when they are
young, preferred crustaceans and other small invertebrates and the
preference changed for teleost ﬁshes and other carnivores as they
grew in size and age. Similar ontogenic diet shifts with size were
reported in Epinephelus diacanthus (Tessy, 1994), Priacanthus ham-
rur (Philip, 1998), O. cuvieri (Manojkumar, 2003), Nemipterus japo-
nicus (Rao and Rao, 1991), N. mesoprion (Rao, 1989), Lactarius
lactarius (Zacharia, 2003), P. arsius (Ramanathan and Natarajan,
1980) and C. limbatus (Heupel and Hueter, 2002).
There are many problems and uncertainties associated with diet
analysis. Although 4716 ﬁsh guts belonging to fourteen ﬁsh species
were analysed, the number of positively identiﬁed preys was 78.
Unidentiﬁed and partly digested prey of many predators made the
analysis difﬁcult, in particular the analysis of Carcharhinus limbatus
stomach contents, which were always in partly digested condition.
The ﬂesh of cephalopods, a large quantity of which was identiﬁed
from C. limbatus, digests faster than ﬁsh ﬂesh (Bigg and Fawcett,
1985) and their undigested beaks most often supported their
indirect identiﬁcation. Similarly, some prey items such as ﬁsh scales
which get entangled inmucous or detritus are resistant to digestion
and can stay for a long time in gut contents thereby creating
analytical uncertainty in some ﬁshes like Leiognathus bindus and
Pampus argenteus. Unidentiﬁed ﬁshes and digested animal matter,
most often become a hindrance to precise identiﬁcation of trophic
guilds among ﬁsh communities due to their overall effect in
increasing diet overlap and reducing separation between guilds
(Garrison and Link, 2000). Regurgitation, most frequently observedinmany groupers (Randall,1967), produced an inaccurate picture of
diet in Epinephelus diacanthus. Hence, specimens above 300 mm of
the E. diacanthus and which were found to always have everted and
empty stomachs in trawl catches, were discarded in the diet
analysis.
Trophic guilds identiﬁed during the present study have simi-
larity to other studies in other ecosystems. Garrison and Link
(2000) analysed the dietary guild structure of the ﬁsh community
in the northeastern United States based on ontogenic diet shift in
six major trophic guilds. Piscivores, shrimp feeders and crab
feeders, are common guilds in the northeastern United States and
southeastern Arabian Sea. Similarly, based on seven years of multi-
season trophic data, Livingston’s (1982) grouped seagrass associ-
ated ﬁshes in Apalachee Bay of Florida into three major trophic
groups. Although this study cannot be directly compared with the
present one, the methodology in grouping guilds based on prey
contribution is quite similar to the present study. The similarity
analysis which formed the basis of trophic guild determination,
showed the pattern of prey resource use from small prey to large
prey organisms by each predator in the guild. Generally, in marine
systems, prey range from polychaetes to ﬁsh or small pelagic prey
to benthic invertebrates, and such a prey pattern occurs in coastal
marine ecosystems and coral reefs (Ross, 1986). In the present
study, the highest trophic separation was observed between
‘detritus feeders’ and ‘shrimp feeders’ and between ’detritus
feeders’ and ‘piscivores’. Due to ontogenic diet changes, many
species were segregated into different guilds. Although there was
no speciﬁc study on mouth parts and morphology for food and
feeding in the present work, many authors attributed the changes
in morphological features and habitat of ﬁshes to food partitioning
(Werner and Gilliam, 1984; Crowder, 1986; Liem, 1990).
Vivekanandan (2001) reported crustaceans like penaeid prawns as
the major food of Nemipterus japonicus (and that their body is
morphologically adapted to predate such crustaceans) and hence
they were grouped into ‘shrimp feeders’. However, while all size
groups of Nemipterus mesoprion preferred largely Acetes spp., only
large and medium N. japonicus preferred Acetes spp. in their diet.
Small N. japonicus were grouped in ‘crab and squilla feeders’. This
difference is primarily due to the differential depth distribution and
habitat preference of the two species. While N. japonicus is a strict
demersal and a more shallow-water species, N. mesoprion is a more
deep-water denizen and able to ascend the column to feed on the
mid-water swarming crustacean, Acetes indicus.
A trophic level of ﬁshes varies with the prey composition and is
usually high for large predators and carnivores (Vivekanandan
et al., 2005). The positive correlation between trophic level and
diet breadth in medium and large ﬁshes shows that ontogeny has
inﬂuenced the relationship between them. The high availability of
most preferred prey is likely to be a factor in decreasing the rela-
tionship in small ﬁshes. In juveniles, a low trophic level was
recorded owing to the fact that the prey composition and diversity
was much less and usually the trophic level increased during
ontogeny, because larvae and juveniles are likely to feed at lower
levels than conspeciﬁc adults (Pauly et al., 2001). Hence, there was
a shift in trophic level in accordance with the ontogenic diet shift.
This is in agreement with studies of Cortés (1999) on elasmo-
branchs. The lack of high diet breadth in some predators may be
due to species foraging habits and/or predatory ability. Crowder
and Cooper (1982) suggested that due to a high capture rate, diet
breadth of a predator would be narrowest when food in a particular
environment is abundant.
Members of various guilds, mainly shrimp feeders, showed
strong impact on the sergestid shrimp, Acetes indicus. The BVSTEP
analysis carried out in the present study also signals the role of
A. indicus as a major link to sustain the trophic guilds especially
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trophic level marine crustaceans (Vivekanandan et al., 2005). Acetes
catches in India contribute to about 11.2% of world production and
A. indicus is the most abundant species among the sergestid
shrimps (Jaiswar and Chakraborty, 2005). It contributes 75% of the
total non-penaeid shrimp landing in India and their exploitation is
highest along the northeast Arabian Sea (Arvindandakshan and
Karbhari, 1988). However, there is no information on the biomass
of A. indicus in the southeastern Arabian Sea where exploitation of
this species is also minimal. To ensure sustainable stocks of Acetes
in the region covering the requirement of the ﬁshery and the forage
needs of predators, an appropriate management plan has to be
evolved.
Members of the guild ‘detritus feeders’ such as Cynoglossus
macrostomus, Pampus argenteus and Leiognathus bindus were
observed to feed exclusively on detritus. Qasim (1972) concluded
that detritus occurs at the bottom in coarsely particulate form and
is perhaps the most readily available and universally abundant food
material in shallow areas of the sea. Goswami (1996) estimated
zooplankton biomass of the Indian EEZ and observed pockets of
high zooplankton biomass along the southeastern Arabian Sea.
Among the zooplankton, copepods are one of most dominant
groups in the Arabian Sea (Madhupratap, 1999) and they formed
a signiﬁcant part of the diet in many ﬁshes.5. Conclusion
The present study brings out trophic groupings of fourteen
demersal ﬁnﬁsh species based on the predators feeding similarity.
Demersal ﬁnﬁshes exploited from the southeastern Arabian Sea are
benthic carnivores and are specialized feeders on benthic inverte-
brates and teleosts. As observed in most other predatory ﬁshes,
each predator in the present study changed its diet with size and
this ontogenic feeding variation largely determined their further
sub-grouping among them. The role of Acetes indicus as a major
prey organism in the ecosystemwhich sustainsmany trophic guilds
has been emphasized. Although diverse prey types were found,
usually two or three prey types were dominant and shared
between many predators and these prey types as a whole deter-
mined the trophic guild pattern.Acknowledgments
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